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(54) CLOCK REPRODUCING CIRCUIT 

(57) A clock reproducing circuit for reproducing a 
clock signal accurately from a PSK demodulated signal 
so as to sample the Ps aperture point. The phase of the 
PSK demodulated signal is rotated by a phase rotation 
circuit (1) by a predetermined angle according to the 
transition angle between adjoining reception points, and 
the phase difference due to the time difference between 
the zero cross point position at which the adjoining re- 



ception points of the phase-rotated PSK demodulated 
signal intersect the l-axis or the Q-axis and the time 
center position of the adjoining reception points is de- 
tected by a phase difference detecting circuit (2). Ac- 
cording to the phase difference detected, the oscillation 
frequency of a voltage-controlled oscillator (5) is con- 
trolled to accurately reproduce the clock to be sampled 
at the I aperture. 



in 

CM 

m 



FIG. 1 



DE-MAPPING 
DATA 

1 



I 


PHASE 
ROTATION 


V . 


PHASE 
ERROR 
DETECTION 




IIR FILTER 


Q , 


Q' . 









□ 



DAC 



vcxo 



MASTER CLOCK 



CARRIER 
REPRODUCTION 
FLAG 



Q. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



INSDOCID: <EP 1 152577A1_I_> 



1 

Description 

TECHNICAL FIELD 

[0001] The present invention relates to a clock recov- 
ery circuit for reproducing a sampling clock signal from 
a PSK demodulated signal to sample the PSK demod- 
ulated signal at its eye aperture point. 

BACKGROUND ART 

[0002] A prior clock recovery method which reproduc- 
es a sampling clock signal from a PSK demodulated sig- 
nal through a zero cross technique has been known. It 
should be appreciated that a zero cross point refers to 
a point where adjoining reception points of the PSK de- 
modulated signal intersect an l-axis or a Q-axis. 
[0003] The PSK demodulated signal is limited in band 
by filtering or any other technique and in particular, a 
QPSK demodulated signal has a constellation as shown 
in Figure 9(a) and a dull waveform as shown in Figure 
9(b). To obtain correct mapping information from the 
PSK demodulated signal with such a dull waveform, 
there exists the need for reproducing a clock signal to 
sample the PSK demodulated signal at a point called an 
eye aperture point. 

[0004] A timing for this sampling is determined 
through the zero cross technique which uses a point 
where adjoining reception points of the PSK demodu- 
lated signal intersect the l-axis or the Q-axis. Namely, 
the eye aperture point is determined based on the zero 
cross point. This is due to the fact that there exists a 
point where the amplitude of the PSK demodulated sig- 
nal is zero, that is, where the PSK demodulated signal 
intersects the l-axis or the Q-axis. 
[0005] For example, if a reception point transits from 
the point A to the point B as shown in Figure 1 0(a), there 
may exist a slight deviation in time between the midpoint 
C in time for eye aperture points and the zero cross point 
D as shown in Figure 10(b). A clock signal can be ex- 
tracted from a received signal by detecting this deviation 
and correcting the sampling timing in a direction to elim- 
inate this deviation. This is the clock recovery method 
through an ordinary zero cross technique. 
[0006] It should be appreciated that a QPSK demod- 
ulated signal with no reception point on the l-axis or the 
Q-axis is defined to have its adjoining reception points 
intersect the l-axis or the Q-axis. Therefore, for the 
QPSK demodulated signal, even if a zero cross point 
deviates from the midpoint in time for eye aperture 
points, a correct timing deviation could be calculated. 
[0007] However, since an 8 PSK demodulated signal 
has its reception points on the l-axis or the Q-axis as 
shown in the constellation of Figure 1 1 (a) and the wave- 
form of Figure 11 (b), a point which is not an actual zero 
cross point may be detected as a zero cross point, that 
is, an intersection point on the l-axis may be wrongly 
recognized as a zero cross point, for example, when a 



2 

reception point on the l-axis follows a reception point in 
the third quadrant and the reception point on the l-axis 
deviates in the positive direction of the Q-axis from some 
reason. 

5 [0008] Thus, in the prior clock signal reproduction 
method, reception points during the interval a as shown 
in Figure 1 1 (b) are not used for zero cross detection and 
are cancelled so that reception points demodulated in 
the proximity of the l-axis or the Q-axis can be recog- 
10 nized as those on the axis to avoid any significant error 
in detecting zero cross points and to allow for sampling 
at eye aperture points of the 8PSK demodulated signal. 
[0009] However, a prior clock recovery circuit cannot 
ensure accurate detection of zero cross points because 
*5 }t does not determine whether a point of interest is a re- 
ception point in the proximity of the l-axis or the Q-axis. 
In addition, the 8PSK demodulated signal has a maxi- 
mum value, a minimum value, and a value on the l-axis, 
as well as a midpoint value, and thus, if a reception point 
transits from the point A to the point B as shown in the 
constellation of Figure 12(a), the midpoint C in time for 
adjoining eye aperture points may deviate from a de- 
tected zero cross point D as shown in Figure 12(b) and 
there may exist a phase error due to a deviation between 
the midpoint C and the zero cross point D. 
[0010] Furthermore, in the prior circuit, zero cross de- 
tection is performed by using an absolute phase tech- 
nique which allows a signal at the receiverto be in phase 
with a signal at the transmitter and thus, a reception 
point may exist on the axis and fewer zero cross points 
can be detected. 

[0011] It is an object of the present invention to pro- 
videaclock recovery circuit which can reproduce a clock 
signal accurately from a PSK demodulated signal in or- 
der to sample an eye aperture point. 

DISCLOSURE OF THE INVENTION 

[0012] A clock recovery circuit according to the 
present invention includes: a phase rotation circuit for 
phase-rotating a PSK demodulated signal by an angle 
predetermined from a transition angle between adjoin- 
ing reception points; and a phase error detection circuit 
for detecting a phase error due to a time difference be- 
tween a zero cross point where the adjoining reception 
points of the PSK demodulated signal phase-rotated by 
the phase rotation circuit intersect the l-axis or the Q- 
axis and the midpoint in time for the adjoining reception 
points, so that a sampling location for the adjoining re- 
ception points of the PSK demodulated signal is correct- 
ed based on the phase error detected by the phase error 
detection circuit in order to allow for sampling at an eye 
aperture point. 

[0013] With the clock recovery circuit according to the 
present invention, the PSK demodulated signal is 
phase-rotated by the phase rotation circuit by the angle 
predetermined from the transition angle between adjoin- 
ing reception points and the phase error due to the time 
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difference between the zero cross point where the ad- 
joining reception points of the PSK demodulated signal 
phase-rotated by the phase rotation circuit intersect the 
l-axis or the Q-axis and the midpoint in time for the ad- 
joining reception points is detected by the phase error 
detection circuit, so that the sampling location for the 
adjoining reception points of the PSK demodulated sig- 
nal is corrected based on the phase error detected by 
the phase error detection circuit in order to allow for 
sampling at an eye aperture point. 
[0014] Accordingly, a sampling point obtained based 
on a clock reproduced by the clock recovery circuit ac- 
cording to the present invention can coincide with the 
eye aperture point to allow for sampling at the eye ap- 
erture point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 5] Figure 1 is a block diagram for showing a con- 
figuration of a clock recovery circuit according to an em- 
bodiment of the present invention; 
[001 6] Figure 2 is a block diagram for showing a con- 
figuration of a phase rotation circuit in the clock recovery 
circuit according to an embodiment of the present inven- 
tion; 

[0017] Figure 3 is an explanatory drawing for showing 
truth values in a decoder for the phase rotation circuit 
shown in Figure 2; 

[0018] Figure 4 is a block diagram for showing a con- 
figuration of a phase error detection circuit in the clock 
recovery circuit according to an embodiment of the 
present invention; 

[0019] Figure 5 is a schematic drawing for explaining 

an operation of the clock recovery circuit according to 

an embodiment of the present invention; 

[0020] Figure 6 is a schematic drawing for explaining 

the operation of the clock recovery circuit according to 

an embodiment of the present invention; 

[0021] Figure 7 is a schematic drawing for explaining 

the operation of the clock recovery circuit according to 

an embodiment of the present invention; 

[0022] Figure 8 is a schematic drawing for explaining 

the operation of the clock recovery circuit according to 

an embodiment of the present invention; 

[0023] Figure 9 is a schematic drawing for explaining 

a zero cross technique used for a prior clock recovery 

method; 

[0024] Figure 1 0 is a schematic drawing for explaining 
the zero cross technique used for the prior clock recov- 
ery method; 

[0025] Figure 11 is a schematic drawing for explaining 
the zero cross technique used for the prior clock recov- 
ery method; and 

[0026] Figure 1 2 is a schematic drawing for explaining 
the zero cross technique used for the prior clock recov- 
ery method. 



DESCRIPTION OF THE EMBODIMENTS 

[0027] Now, a clock recovery circuit according to the 
present invention will be described with reference to em- 

5 bodiments thereof in the following. 

[0028] Figure 1 is a block diagram for showing a con- 
figuration of a clock recovery circuit according to an em- 
bodiment of the present invention. By way of example, 
the clock recovery circuit according to an embodiment 

10 of the present invention will be described below for an 
8PSK demodulated signal. 

[0029] In the clock recovery circuit according to an 
embodiment of the present invention, as shown in Fig- 
ure 1 , a PSK demodulated signal (I, Q) is supplied to a 

15 phase rotation circuit 1 and is phase-rotated there by a 
phase angle predetermined from a carrier reproduction 
flag, de-mapping data, and a transition angle between 
adjoining reception points, and thus, a phase-rotated 
PSK demodulated signal (l\ Q') is supplied by the phase 

20 rotation circuit 1 . 

[0030] The PSK demodulated signal (l\ Q') from the 
phase rotation circuit 1 is supplied to a phase error de- 
tection circuit 2 to detect a phase error due to a time 
difference between a zero cross point based on the ad- 

25 joining reception points of the PSK demodulated signal 
(P, Q') and the midpoint in time for the reception points. 
The phase error detected by the phase error detection 
circuit 2 is supplied to a low-pass MR filter 3 to extract a 
low frequency component of the phase error and then 

30 the output of the low-pass MR filter 3 is supplied to a D/ 
A converter 4 to convert it to an analog signal of a level 
determined from the low frequency component of the 
phase error, and finally, the converted analog signal is 
supplied to a temperature-compensating voltage-con- 

35 trolled crystal oscillator 5 as a frequency control signal 
to obtain a master clock signal. A sampling clock is ob- 
tained from this master clock signal, for example, by div- 
ing the master clock signal. 

[0031] Thus, based on the master clock signal, a sam- 
40 p|jng is performed at an eye aperture point of the PSK 
demodulated signal. It should be appreciated that the 
configuration of the phase error detection circuit 2 and 
the subsequent stages is similarto that for the priorzero 
cross technique. 
45 [0032] Next, the configuration will be described below 
in more detail. 

[0033] The phase rotation circuit 1 is described with 
reference to Figure 2. The PSK demodulated signal (I, 
Q) is supplied to a phase rotator 12 to phase-rotate the 

so PSK demodulated signal (I, Q) by -45°. The output from 
the phase rotator 1 2 is referred to as a PSK demodulat- 
ed signal (I45, Q45). The PSK demodulated signal (I, 
Q) and the PSK demodulated signal (I45, Q45) are sup- 
plied to a selector 13, which selects either one of these 

55 signals based on a select signal S45 from a decoder 11 
described later. The output from the selector 13 is re- 
ferred to as a PSK demodulated signal (I", Q"). 
[0034] The PSK demodulated signal (P\ Q") is sup- 
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plied to a phase rotator 14 to phase-rotate the PSK de- 
modulated signal (I, Q) by -22.5°. The output from the 
phase rotator 14 is referred to as a PSK demodulated 
signal (I22.5, Q22.5). The PSK demodulated signal (I", 
Q") and the PSK demodulated signal (I22.5, Q22.5) are 
supplied to a selector 14, which selects either one of 
these signals based on a select signal S22.5 from the 
decoder 1 1 described later. The output from the selector 
15 is referred to as a PSK demodulated signal (l\ Q'). 
[0035] Thus, depending on the select signals S22.5 
and S45, the PSK demodulated signal (P, Q') may be 
the PSK demodulated signal (I, Q) which has not been 
phase-rotated with respect to the PSK demodulated sig- 
nal (I, Q), or the PSK demodulated signal (I22.5, Q22.5) 
which has been phase-rotated by -22.5°, or the PSK de- 
modulated signal (I45, Q45) which has been phase-ro- 
tated by -45°, or the PSK demodulated signal (I67.5, 
Q67.5) which has been phase-rotated by -67.5°. 
[0036] The decoder 1 1 receives a carrier reproduction 
flag and de-mapping data and sends out the select sig- 
nals S45 and S22.5 to the selectors 13 and 15, respec- 
tively. Figure 3 is a truth table for explaining the decoding 
operation in the decoder 11. 

[0037] The carrier reproduction flag is at high potential 
while the carrier is reproduced. The de-mapping data is 
a numeric value (0) to (7) representing a reception 
phase of the PSK demodulated signal, assuming that 
the value 0 represents a positive point on the l-axis and 
it is incremented by 1 for 45° in a counterclockwise di- 
rection. Namely, the de-mapping data (0), (1), (2), (3), 
(4), (5), (6), and (7) correspond to 0, 45, 90, 135, 180, 
225, and 270°, respectively. 

[0038] Therefore, a difference between the de-map- 
ping data and a phase difference are as shown in Figure 
3 for each case and the phase difference indicates a 
transition angle. A phase rotation angle by which the 
PSK demodulated signal (I , Q) is phase-rotated depend- 
ing on the select signal S45 or S22.5 from the decoder 
1 1 to produce the PSK demodulated signal (l\ Q') is de- 
noted as a rotation angle of (l\ Q') in Figure 3. 
[0039] This truth table is further described with refer- 
ence to specific examples. For example, for the case e 
with the de-mapping data 1 ,4, the reception points are 
at 45 and 180°. In this case, the reception point at 45° 
transits to the point at 180° with a transition angle of 
135°. If the reception point at 180° transits to the point 
at 45°, the same transition results are obtained. 
[0040] In this case, the PSK demodulated signal (I, Q) 
is rotated by the phase rotation circuit 1 by a rotation 
angle of -22.5°, which means that the signal is phase- 
rotated by 22.5° in a clockwise direction. This rotation 
causes the reception point at 45° to be rotated to the 
reception point at 22.5° and the reception point at 180° 
to be rotated to the reception point at 157.5°, resulting 
in no reception point on the l-axis and the Q-axis. This 
will hold true for any other reception point. 
[0041] The PSK demodulated signal (P, Q') phase-ro- 
tated by the phase rotation circuit 1 as described above 



is supplied to the phase error detection circuit 2. An ex- 
ample of the phase error detection circuit 2 is shown in 
Figure 4. 

[0042] In the phase error detection circuit 2, the PSK 
5 demodulated signal (l\ Q') is supplied to a D flip-flop (al- 
so referred to as DFF) 21 , which reads out the PSK de- 
modulated signal (P, Q') by means of a sampling clock 
at a frequency double that of a symbol clock. The output 
from the DFF 21 is referred to as a PSK demodulated 

10 signal (12, Q2). The PSK demodulated signal (12, Q2) is 
supplied to a DFF 22 and is read out by means of a sam- 
pling clock in a similar manner. The output from the DFF 
22 is referred to as a PSK demodulated signal (13, Q3). 
The PSK demodulated signal (13, Q3) is supplied to a 

15 DFF 23 and is read out by means of a sampling clock 
in a similar manner. The output from the DFF 23 is re- 
ferred to as a PSK demodulated signal (10, Q0). 
[0043] The PSK demodulated output (12, Q2) and the 
PSK demodulated output (10, Q0) are supplied to a code 

20 comparator 25, which compares the signs of these out- 
puts. The code comparator 25 provides an enable signal 
when the sign of the PSK demodulated output (12, Q2) 
is different from that of the PSK demodulated output (10, 
Q0). On the other hand, a symbol clock divided from the 

25 sampling clock by a divide-by-two circuit 27 and the en- 
able signal provided by the code comparator 25 are AN- 
Ded by an AND gate 28 and then by using the output of 
the AND gate 28 as a strobe pulse, phase error data 
provided by a phase error detector 24 which receives 

30 the PSKsignal (12, Q2) and the PSK demodulated signal 
(13, Q3) is latched by a latch circuit 26. 
[0044] The latch output from the latch circuit 26 is sup- 
plied to the temperature-compensating voltage-control- 
led crystal oscillator 5 to control the frequency of the 

35 sampling clock based on the oscillation frequency of the 
temperature-compensating voltage-controlled crystal 
oscillator 5 and thus, when the sampling clock is con- 
verged, a sampling timing to read out the PSK demod- 
ulated signal (P, Q') will be a sampling output at an eye 

^0 aperture point and the PSK demodulated signal (10, Q0) 
will be a sampling output of the PSK demodulated signal 
(P, Q') at an eye aperture point subsequent to the eye 
aperture point read out by the DFF 21 . 
[0045] Therefore, when converged as described 

45 above, the PSK demodulated signal (13, Q3) is the PSK 
demodulated signal (P, Q") at the midpoint in time for the 
sampling outputs and their zero cross points coincide 
with each other. On the other hand, when not con- 
verged, the PSK demodulated signal (13, Q3) corre- 

50 sponds to a distance between the PSK demodulated 
signal at the midpoint in time for adjoining reception 
points of the PSK demodulated signal and the l-axis or 
the Q-axis. 

[0046] The phase error detector 24 receives the PSK 
55 demodulated signal (12, Q2) and the PSK demodulated 
signal (13, Q3) to produce a phase error which corre- 
sponds to the distance between the PSK demodulated 
signal at the midpoint in time for adjoining reception 
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points of the PSK demodulated signal and the l-axis or 
the Q-axis. The direction of this phase error is deter- 
mined from the sign of an eye aperture point based on 
the PSK demodulated signal (12, Q2). 
[0047] Therefore, as the output from the phase error 
detector 24, a time difference between the midpoint in 
time for eye aperture points and the zero cross point is 
determined along with its polarity. Thus, since the latch 
circuit 26 uses phase error data provided by the phase 
error detector 24 once per two adjoining sampling 
clocks, the PSK demodulated signal (10, Q0) and the 
PSK demodulated signal (12, Q2) are converged to an 
eye aperture point. 

[0048] The output of the latch circuit 26 is supplied to 
the low-pass MR filter and its low frequency component 
as a phase error is converted by the D/A converter to 
an analog signal and finally, the D/A converted analog 
signal is supplied to the temperature-compensating volt- 
age-controlled crystal oscillator 5 as a frequency control 
signal to provide a master clock signal. Thus, the fre- 
quency of the master clock is controlled based on the 
phase error provided by the phase error detector 24 so 
that the midpoint between the eye aperture points is 
controlled to be at a zero cross point of the PSK demod- 
ulated signal (P, Q') based on this master clock and 
hence, a sampling will be performed at an eye aperture 
point. 

[0049] The operation of the phase error detection cir- 
cuit in the clock recovery circuit according to an embod- 
iment of the present invention as described above will 
be further described with reference to Figures 5 to 8. 
[0050] When mapping data of the PSK demodulated 
signal (I, Q) is (1 ) and (2) shown in Figure 5, this is the 
case b, wherein the transition angle between reception 
points is 45° and the PSK demodulated signal (!', Q') 
phase-rotated by the phase rotation circuit 1 by -67.5° 
is supplied to the phase error detection circuit 2, The 
PSK demodulated signal (l\ Q') is sampled by the DFF 
21 at a sampling point a, the PSK demodulated signal 
(P, Q') is sampled by the DFF 23 at a sampling point b, 
and the PSK demodulated signal (l\ Q*) is sampled by 
the DFF 22. The PSK demodulated signal (P, Q') sam- 
pled by the DFF 22 is located at the midpoint between 
the sampling point a and the sampling point b and is 
hereinafter referred to as a detection zero cross point. 
The term ts denotes the period of a sampling clock. 
[0051] A distance between the detection zero cross 
point and the l-axis or the Q-axis is detected by the 
phase error detector 24 as a phase error and the fre- 
quency of the master clock is controlled based on this 
phase error so that, in the case of Figure 5, the detection 
zero cross point is moved toward the right to coincide 
with the zero cross point. It should be appreciated that, 
in this case, the phase rotation causes no eye aperture 
point of the PSK demodulated signal (P, Q') to be located 
on the l-axis or the Q-axis. It should be further appreci- 
ated that, in this case, since the reception points before 
and after the transition are in the same polarity direction 



with respect to the I'-axis, no phase error is detected, 
which is shown by the symbol x on the phase error I in 
the figure. 

[0052] When mapping data of the PSK demodulated 

5 signal (I, Q) is (0) and (2) shown in Figure 6, this is the 
case d, wherein the transition angle between reception 
points is 90° and the PSK demodulated signal (l\ Q') 
phase-rotated by the phase rotation circuit 1 by -45° is 
supplied to the phase error detection circuit 2. The PSK 

10 demodulated signal (P, Q') is sampled by the DFF 21 at 
a sampling point a, the PSK demodulated signal (l\ Q') 
is sampled by the DFF 23 at a sampling point b , and the 
PSK demodulated signal (P, Q') is sampled by the DFF 
22 at a detection zero cross point. 

is [0053] A distance between the detection zero cross 
point and the !-axis or the Q-axis is detected by the 
phase error detector 24 as a phase error and the fre- 
quency of the master clock is controlled based on this 
phase error so that, in the case of Figure 6, the detection 

20 zero cross point is moved toward the right to coincide 
with the zero cross point. It should be appreciated that, 
in this case, the phase rotation causes no eye aperture 
point of the PSK demodulated signal (l\ Q') to be located 
on the l-axis or the Q-axis. It should be further appreci- 

25 ated that, in this case, since the reception points before 
and after the transition are in the same polarity direction 
with respect to the I'-axis, no phase error is detected, 
which is shown by the symbol x on the phase error I in 
the figure. 

30 [0054] When mapping data of the PSK demodulated 
signal (I, Q) is (7) and (2) shown in Figure 7, this is the 
case e, wherein the transition angle between reception 
points is 135° and the PSK demodulated signal (l\ Q') 
phase-rotated by the phase rotation circuit 1 by -22.5° 

35 is supplied to the phase error detection circuit 2. The 
PSK demodulated signal (l\ Q') is sampled by the DFF 
21 at a sampling point a, the PSK demodulated signal 
(l\ Q') is sampled by the DFF 23 at a sampling point b, 
and the PSK demodulated signal (P, Q') is sampled by 

40 the DFF 22 at a detection zero cross point. 

[0055] A distance between the detection zero cross 
point and the l-axis or the Q-axis is detected by the 
phase error detector 24 as a phase error and the fre- 
quency of the master clock is controlled based on this 

45 phase error so that, in the case of Figure 7, the detection 
zero cross point is moved toward the right to coincide 
with the zero cross point. It should be appreciated that, 
in this case, the phase rotation causes no eye aperture 
point of the PSK demodulated signal (P, Q') to be located 

so on the l-axis or the Q-axis. It should be further appreci- 
ated that, in this case, since the reception points before 
and after the transition are in the same polarity direction 
with respect to the I'-axis, no phase error is detected, 
which is shown by the symbol x on the phase error I in 

55 the figure. 

[0056] When mapping data of the PSK demodulated 
signal (I, Q) is (6) and (2) shown in Figure 8, this is the 
case h, wherein the transition angle between reception 
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points is 180° and the PSK demodulated signal (l\ Q') 
phase-rotated by the phase rotation circuit 1 by -45° is 
supplied to the phase error detection circuit 2. The PSK 
demodulated signal (l\ Q') is sampled by the DFF 21 at 
a sampling point a, the PSK demodulated signal (l\ Q') 
is sampled by the DFF 23 at a sampling point b, and the 
PSK demodulated signal (I', Q') is sampled by the DFF 
22 at a detection zero cross point. 
[0057] A distance between the detection zero cross 
point and the l-axis or the Q-axis is detected by the 
phase error detector 24 as a phase error and the fre- 
quency of the master clock is controlled based on this 
phase error so that, in the case of Figure 7, the detection 
zero cross point is moved toward the right to coincide 
with the zero cross point. It should be appreciated that, 
in this case, the phase rotation causes no eye aperture 
point of the PSK demodulated signal (i\ Q') to be located 
on the l-axis or the Q-axis. It should be further appreci- 
ated that, in this case, since the reception points before 
and after the transition are in different polarity directions 
with respect to the I'-axis, a phase error I for the I'-axis 
is detected in a similar manner to the phase error Q. 
Then the average of the phase error Q and the phase 
error I is a phase error for this case. 
[0058] When phase errors are detected for both the I- 
axis and the Q-axis, the average of both phase errors is 
used as a phase error for the case, resulting in better 
performance than when either one of the phase errors 
is used. 

[0059] In the clock recovery circuit according to an 
embodiment of the present invention as described 
above, the master clock is obtained from the output of 
the phase error detection circuit 2 via the IIR filter 3, the 
D/A converter 4, and the temperature-compensating 
voltage-controlied crystal oscillator 5 and it should be 
appreciated, however, that the master clock can be ob- 
tained through a digital operation on the output of the 
phase error detection circuit 2 rather than such a con- 
version to an analog signal. It should be also appreciat- 
ed that an eye aperture point which is an actual recep- 
tion point can be estimated from the output of the phase 
error detection circuit 2. 

[0060] It should be further appreciated that 8 PSK de- 
modulated signals are used in the above description but 
the present invention can be applicable to BPSK de- 
modulated signals and QPSK demodulated signals. 
With BPSK demodulated signals, since only a phase dif- 
ference of 180° occurs for a reception point, the object 
of the present invention may be achieved only by apply- 
ing the cases g and h in Figure 3 to those signals. On 
the contrary, with QPSK demodulated signals, since on- 
ly a phase difference of 90 or 1 80° occurs for a reception 
point, the object of the present invention may be 
achieved only by applying the cases c, d, g, and h in 
Figure 3 to those signals. 



INDUSTRIAL APPLICABILITY 

[0061] As described above, with the clock recovery 
circuit according to the present invention, a PSK demod- 

5 ulated signal is phase-rotated by the phase rotation cir- 
cuit by an angle predetermined from a transition angle 
between adjoining reception points and a phase error 
due to a time difference between a zero cross point 
where the adjoining reception points of the phase-rotat- 

10 ed PSK demodulated signal intersect the l-axis or the 
Q-axis and the midpoint in time for the adjoining recep- 
tion points is detected, so that a sampling location for 
the adjoining reception points of the PSK demodulated 
signal is corrected based on the detected phase error 

15 m order to allow for sampling at an eye aperture point. 
Therefore, no zero cross point will be detected wrongly 
and a clock can be reproduced accurately. 
[0062] In addition, with the clock recovery circuit ac- 
cording to the present invention, no reception point will 

20 coincide with the l-axis and the Q-axis and more zero 
cross points can be detected. 



Claims 

25 

1 . A clock recovery circuit, 

CHARACTERIZED BY 

phase rotation means for phase-rotating a PSK 
30 demodulated signal by a predetermined on the 

basis of a transition angle between adjoining re- 
ception points; 

phase error detection means for detecting a 
phase error due to a time difference between a 

35 zero cross point where an inphase component 

signal or a quadrature component signal of said 
phase-rotated PSK demodulated signal inter- 
sects the zero level and the midpoint in time for 
said adjoining reception points; and 

40 correction means for correcting a sampling lo- 

cation for the adjoining reception points of said 
PSK demodulated signal on the basis of said 
detected phase error to allow sampling to be 
executed at an eye aperture point. 

45 

2. The clock recovery circuit according to claim 1, 
wherein that said phase rotation means comprises 
phase rotation angle selection means for selecting 
said predetermined phase rotation angle so that 

50 said inphase component signal or said quadrature 
component signal of said phase-rotated PSK de- 
modulated signal intersects the zero level during a 
transition process of two reception points. 

55 3. The clock recovery circuit according to claim 2, 
wherein in that said phase rotation angle selection 
means receives the PSK demodulated signal and 
comprises a first phase rotator for phase-rotating a 
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reception point by -45°, a first selector for selecting 
either one of the output of said first phase rotator 
and the received PSK demodulated signal, a sec- 
ond phase rotator for phase-rotating the output of 
said first selector by -22.5° , and a second selector 
for selecting either one of the output of said second 
phase rotator and the output of said first selector, 
whereby the selection by said first and second se- 
lectors is performed on the basis of a transition an- 
gle between adjoining reception points. 

4. The clock recovery circuit according to claim 1 or 2, 
further comprising means for obtaining a sampling 
clock used to sample an eye aperture point based 
on an output oscillation frequency from an oscillator is 
whose oscillation frequency is controlled on the ba- 
sis of a low frequency component of the phase error 
detected by said phase error detection means. 

20 
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FIG. 4 
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